We compared the sural nerve morphology among Wistar (WR), Wistar-Kyoto (WKY) and Spontaneously hypertensive (SHR) rats, including the nerve fascicles and myelinated fibers morphometry. METHODS: Age matched (20 weeks) female WR (N=6), WKY (N=6) and SHR (N=7) had their right and left sural nerves removed, embedded in epoxy resin, and observed by light microscopy. Morphometric analysis was performed with the aid of computer software. RESULTS: Despite presenting the same age, WR were heavier than WKY and SHR, as were SHR compared to WKY. Systolic arterial pressure was higher in SHR compared to WR, but no differences between SHR and WKY or WR and WKY were observed. The sural nerves were morphometrically symmetric between proximal and distal segments on the same side and between sides in all strains with no differences in the myelinated fiber number. Schwann cell number and density were smaller in SHR and G ratio was larger in SHR, indicating that SHR have thinner myelinated fibers. CONCLUSION: Sural nerve morphology is similar between WKY and WR, allowing the use of WR as the SHR controls in morphological investigations involving peripheral neuropathies. Keywords: Sural Nerve. Rats, Inbred SHR. Rats, Inbred WKY. Nerve Fibers. Rats.
Introduction
Spontaneously hypertensive rats (SHR) were first inbred from their normotensive ancestors, the Wistar-Kyoto rats (WKY) and it is expected that WKY would be used as the normotensive controls of SHR in diverse experimental protocols. Nevertheless, Wistar rats (WR) have been recently used as the SHR controls as often as the WKY 1, 2 . The sural nerve is a sensory branch of the sciatic nerve widely used in nerve regeneration studies 3 . Reports on a possible hypertensive neuropathy are scanty in the literature 4, 5 and the authors have systematically used the WKY as the controls.
However, the possibility of using other normotensive rat strain as the SHR control in of crescent interest, particularly when WKY are not readily or easily available. Information on the sural nerve normal morphology and morphometry is widely available in the literature for WR 6 , but not for SHR or WKY. We hypothesized that sural nerve morphology is similar between normotensive rat strains. To investigate this hypothesis, the present study was designed to compare the sural nerve morphology among WR, WKY and SHR, and took into consideration the fascicle area and diameter, as well as myelinated fiber number, density, area and diameter.
Methods
Experiments were performed in female WR (N=6) Effort was made to minimize the number of animals used.
Animals aged 20 weeks were placed in a chamber at 40 °C where they were digitized. For the study of myelinated fibers, the endoneural space was observed with an optical set including an oil immersion lens (100 x), optovar (1.6 x), camera (0.5 x) and an 8
x computerized magnification, which provided images with good resolution for morphometry.
The endoneural space was fully scanned without overlap of the microscopic fields, using an automatic motorized stage (Carl Zeiss, Jena, Germany). Scanning generated 9 to 17 microscopic fields of 640 x 470 pixels, which were used to count and automatically measure the myelinated fibers and their respective axons. Fibers at the upper and left edges of the microscopic fields were counted whereas those at the lower and right edges were not counted ("forbidden line") in order to avoid counting the same fiber twice. All myelinated fibers present in the endoneural space were counted. Morphometric parameters of the fascicles and myelinated fibers of sural nerve segments were obtained as described previously 6, 8 . Briefly, the total number of myelinated fibers and the total number of Schwann cell nuclei present in each fascicle were counted. The area and lesser diameter of each fascicle The lesser diameter better represents the diameter of a non-circular fascicle and fiber 6, 9 . The myelinated fibers and Schwann cell nuclei densities were calculated. For myelinated fibers, both axonal diameter and total fiber diameter were automatically measured.
The ratio between the two diameters, the G ratio (which indicates the degree of myelination 10 ), was obtained. Myelin sheath area was calculated for each myelinated fiber measured. Histograms of population distribution of myelinated fibers and axons, separated into class intervals increasing by 1.0 μm were constructed.
Histograms of the g ratio distribution separated into class intervals increasing by 0.1 were also prepared. The investigators were blind to group identities throughout the experiments.
Morphometric data were tested for normal distribution by the Kolmogorov-Smirnov normality test followed by the 
Results
Body weight and systolic arterial pressure (SAP) of female WR, WKY and SHR, are shown in Figure 1 . WR were significantly heavier than WKY and SHR as SHR were heavier compared to WKY. As expected, SAP was significantly higher in SHR compared to WR, but not different from WKY. Also, no differences on the SAP were observed between WR and WKY. All sural nerves included in this study showed good preservation of structures and general morphological characteristics of the sural nerve fascicles of WR, WKY and SHR were similar to those previously described 6, 8 . No endoneural morphological differences were observed between proximal and distal segments from the same side, and between the same segment (proximal or distal) from different sides, for all groups. However, the comparison between strains indicated that the sural nerves from SHR showed a larger number of collapsed blood vessels and/ or vessels with thickening of the wall (Figure 2 ). In addition, some myelinated fibers with degenerative signs were present in SHR. Nevertheless, myelinated axon area (expressed as µm 2 ) was significantly larger in SHR compared to WR and WKY in all segments and sides, except the distal right ( Figure 4 ). There was a tendency for the axon diameter values to follow the area averages, attaining a significant difference on the distal left segment ( Figure   4 ). were significantly larger on WR compared to WKY and SHR (24 ± 0.9 vs 19 ± 0.8 vs 17± 0.7, for the proximal right segments, respectively) for all segments and sides.
Can Wistar rats be used as the normotensive controls for nerve morphometry investigations in spontaneously hypertensive rats (SHR)?

Discussion
The importance of this work lies in the fact that it is a qualitative and quantitative demonstration that the sural nerve morphology is similar between WKY and WR. This is important once future studies on changes in nerve morphology may use WR as the SHR controls. For example, the diabetic neuropathy is well known as one of the most common complication of diabetes and it is usually associated with hypertension in the clinical practice. However, the sural nerve morphometry was not yet investigated in an experimental model of diabetes associated with hypertension and ongoing studies from our laboratory will address this issue. To our knowledge, the present study is also the first morphometric description of the sural nerve in adult WKY, providing morphological support for further functional and electrophysiological studies of the sural nerve in this particular rat strain.
Another important conclusion of the present work is that the average myelinated fiber size (area and diameter) followed the rats' body weight, since animals from the three different strains (WR, WKY and SHR) presented the same age (20 week-old)
but WR were significantly heavier and their sural nerves showed significantly larger myelinated fibers. It is well known that peripheral nerve function is significantly affected by maturation and aging and most experimental studies not dealing with aging use the body weight to describe adult animals. However, rats described as adults have weights that vary in a range of about 180 g to 1000 g or more 6, 11 , what might lead to confusion. Sharma et al. 12 demonstrated that in rats there is a postnatal growth spurt between 30 and 90 days, as judged by increasing in body weight, which affects myelinated fiber diameter in the peripheral nerves.
Jeronimo et al. 6 indicated that fiber population distribution . In the present study, samples of all three experimental groups were histologically processed at once so that they were submitted to absolutely the same experimental conditions throughout the experiments, allowing the morphological comparison without methodological bias or artifacts.
The major morphometric difference between the normotensive strains (WR and WKY) and the SHR is that the hypertensive animals showed a significantly smaller number and density of Schwann cell nuclei (Table 1) . Schwann cells present an important whole on the regeneration processes that follow a nerve injury. During the regeneration processes, the endoneural content might be rearranged; being the Schwann cell multiplication rate higher than the fibroblast 
Conclusion
Sural nerve morphology is similar between WKY and WR, allowing the use of WR as the SHR controls in morphological investigations involving peripheral neuropathies.
